Introduction {#section1-1756286418785071}
============

Primary angiitis of the central nervous system (PACNS) is a rare and severe disease. It was first described by Harbitz in 1922 as an unknown form of angiitis in the CNS.^[@bibr1-1756286418785071]^ Isolated vasculitis of the central nervous system, primary CNS vasculitis, and isolated angiitis of the CNS are common synonyms for the disease. Histologically, inflammation affects the blood vessels supplying the brain parenchyma, spinal cord and leptomeninges, and less frequently veins and venules.^[@bibr2-1756286418785071]^ In PACNS, pathological findings can affect both small and large vessels of the CNS.^[@bibr3-1756286418785071]^ The pathophysiological mechanism is based on infiltration of immune cells within CNS blood vessel walls leading to destruction of the vessel walls.^[@bibr4-1756286418785071]^ As a result, thickening of vessel walls with alternating segments of stenosis can occur, resulting in poor blood circulation.^[@bibr4-1756286418785071]^ On the other hand, vessel wall weakening, due to inflammatory processes, may cause blood vessel ruptures and intracranial haemorrhage.^[@bibr4-1756286418785071]^

PACNS mainly affects younger stroke patients lacking cerebrovascular risk factors.^[@bibr5-1756286418785071]^ Approximately 3--5% of cerebrovascular events in patients aged \<50 years are caused by primary CNS vasculitis.^[@bibr6-1756286418785071]^ The mean age of the initial manifestation of adult PACNS is at the end of the fourth decade.^[@bibr6-1756286418785071]^ In retrospective analyses a similar frequency in male and female patients has been shown.^[@bibr7-1756286418785071]^ An incidence of 2.4 person-years was determined in an epidemiologic study of a White population in North America (Olmsted County, Minnesota).^[@bibr7-1756286418785071]^

Clinical features at diagnosis are highly variable and nonspecific; classic or pathognomonic clinical symptoms are lacking. Major symptoms of cerebral vasculitis are headache (60%), altered cognition (50%) and focal neurologic deficits (e.g. hemiparesis, ataxia, aphasia, dysarthria and visual disturbances).^[@bibr5-1756286418785071]^ Furthermore seizures and encephalopathy have been reported. In general, the onset of disease is insidious and slowly progressive, but an acute beginning of symptoms can occur.^[@bibr5-1756286418785071]^ Marked constitutional symptoms such as fever, weight loss and night sweats are less frequent and can be indicative of systemic vasculitides.^[@bibr8-1756286418785071]^ In addition to cerebral manifestation, in about 5% of patients primary CNS vasculitis can affect the spinal cord.^[@bibr9-1756286418785071]^ Isolated vasculitic myelopathies have also been reported.^[@bibr10-1756286418785071]^

Diagnostic criteria have been implemented in 1988 to distinguish between PACNS and mimics, and to make a definite diagnosis.^[@bibr2-1756286418785071]^ The diagnostic criteria of cerebral vasculitis are as follows: (1) a history of clinical findings of an acquired otherwise unexplained neurologic deficit, (2) presence of classic angiographic or histopathologic features of angiitis within the CNS, and (3) no evidence of systemic vasculitis or of any other disorder that could cause or mimic the angiographic or pathologic features. In 2009 Birnbaum and colleagues suggested a modification of these criteria to avoid misdiagnosis, especially because of its most important and challenging mimic, that is, reversible cerebral vasoconstriction syndrome (RCVS).^[@bibr8-1756286418785071]^ The level of certainty of diagnosis was subdivided into 'definite', when the analysis of a tissue biopsy specimen confirms the presence of vasculitis, and 'probable', if there are high probability findings on an angiogram with abnormal findings on magnetic resonance imaging (MRI) and a CSF profile consistent with PACNS (in the absence of tissue confirmation).^[@bibr8-1756286418785071]^

Pathophysiologically, infectious agents, such as varicella-zoster virus (VZV) and mycoplasma-like structures, have been thought to predispose to manifestation of cerebral vasculitis.^[@bibr11-1756286418785071][@bibr12-1756286418785071]--[@bibr13-1756286418785071]^ Memory T-cells, interpreted as indicators of an antigen-specific immune response occurring in the wall of cerebral arteries, have been suggested to be involved in immunological mechanisms. In a single case report, immunohistochemical staining of a biopsy sample showed predominant infiltration by CD45R0^+^-T-cells in and around small cerebral vessels.^[@bibr14-1756286418785071]^ However, the etiology, pathogenesis and immunological mechanisms of primary CNS vasculitis have not yet been conclusively elucidated.

Retrospective studies suspected two subtypes of primary angiitis of the CNS, distinguished by the size of vessels being involved: a small vessel disease (SV-PACNS) and a large/medium-vessel disease (LV-PACNS).^[@bibr15-1756286418785071]^ Accordingly, isolated SV-PACNS is associated with a more severe encephalopathic presentation with cognitive or vigilance impairment and seizures, more abnormal CSF analysis and more diffuse gadolinium-enhanced lesions on MRI.^[@bibr15-1756286418785071],[@bibr17-1756286418785071]^ In patients with SV-PACNS, relapses were more frequently observed.^[@bibr15-1756286418785071],[@bibr18-1756286418785071]^ In contrast, LV-PACNS is more likely to present with focal deficits and acute ischaemia on MRI.^[@bibr15-1756286418785071],[@bibr19-1756286418785071]^

Besides the size of affected vessels and typical histopathological patterns, patients suffering from cerebral vasculitis can be classified by clinical, imaging, and pathological characteristics, and age of onset in the following six disease subtypes ([Table 1](#table1-1756286418785071){ref-type="table"}):^[@bibr4-1756286418785071],[@bibr16-1756286418785071]^ (1) In angiogram-negative biopsy-positive cases cognitive impairment is often noticed in clinical examination.^[@bibr17-1756286418785071]^ Further characteristics are an increased CSF protein, meningeal and parenchymal enhancing lesions on MRI and a favourable response to treatment. (2) In amyloid-β-related cerebral angiitis (ABRA) histopathological analysis shows granulomatous vasculitis with β-amyloid deposition in vessel walls often present with a more acute onset.^[@bibr20-1756286418785071],[@bibr21-1756286418785071]^ Patients are generally older, predominantly male and show cognitive impairment. (3) Another subset of patients is defined by prominent meningeal enhancement in MRI with a rapid response to therapy.^[@bibr22-1756286418785071]^ (4) Spinal cord involvement is the less frequently observed disease subtype. Spinal cord symptoms may develop at disease onset or during the disease course, cerebral manifestations are usually present in these disease subtypes.^[@bibr9-1756286418785071]^ (5) PACNS presenting with intracranial or subarachnoid haemorrhage often shows a favourable response to immunosuppressive treatments and necrotizing vasculitis is a predominant histopathological pattern.^[@bibr23-1756286418785071]^ Women are more frequently affected: in a retrospective cohort of patients all 16 patients with intracranial haemorrhage were women.^[@bibr23-1756286418785071]^ (6) Rapidly progressive PACNS, characterized by bilateral, multiple, large cerebral vessel lesions and multiple CNS infarctions, appears to be a more aggressive and serious disease course, less responsive to therapy, and often with a fatal outcome.^[@bibr24-1756286418785071]^ Angiogram findings are frequently positive in ABRA, intracranial haemorrhage and rapidly progressive subtypes.^[@bibr4-1756286418785071]^ Given the fact that any combination of clinical and diagnostic features may be found at presentation, overlapping symptoms among the aforementioned six disease types exist.

###### 

Disease subtypes of PACNS.

![](10.1177_1756286418785071-table1)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Subtype                                Clinical features                                                                   MRI                                        Angiogram   Biopsy
  -------------------------------------- ----------------------------------------------------------------------------------- ------------------------------------------ ----------- ------------------------------------
  **Angiogram**\                         cognitive impairment, greater CSF abnormalities, favourable response to treatment   meningeal\                                 negative    granulomatous\
  **-negative biopsy-positive**                                                                                              and parenchymal enhancing lesions on MRI               pattern

  **Amyloid-β-**\                        older age, predominantly males, cognitive impairment                                contrast-enhanced\                         positive    granulomatous pattern with β-\
  **related cerebral angiitis (ABRA)**                                                                                       meningeal lesions                                      amyloid deposition in vessel walls

  **Meningeal enhancement in MRI**       predominantly males, cognitive impairment, rapid response to treatment              prominent\                                 negative    granulomatous\
                                                                                                                             leptomeningeal enhancement                             pattern

  **Spinal cord**\                       spinal cord symptoms, cerebral manifestations usually present                       enhanced spinal\                           negative    necrotizing\
  **involvement**                                                                                                            (especially thoracic) lesions                          pattern

  **Intracranial**\                      predominantly women, favourable response to treatment                               intracranial\                              positive    necrotizing\
  **or subarachnoid haemorrhage**                                                                                            or subarachnoid haemorrhage                            pattern

  **Rapidly progressive**                aggressive disease course, less responsive to treatment, often fatal outcome        bilateral, multiple,\                      positive    granulomatous or\
                                                                                                                             vessel lesions and infarctions                         necrotizing pattern
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Classification according to Giannini and colleagues, 2012.^[@bibr4-1756286418785071]^ Clinical and diagnostic features can overlap among disease subtypes.

CSF, cerebrospinal fluid; MRI, magnetic resonance imaging; PACNS, primary angiitis of the central nervous system

Diagnostics {#section2-1756286418785071}
===========

Diagnostic work-up is based on detailed anamnesis, clinical examination, and laboratory and imaging findings ([Table 2](#table2-1756286418785071){ref-type="table"}). CSF examinations show inflammatory findings, typically mild lymphocytic pleocytosis combined with an elevated protein level. CSF examination is abnormal in 80--90% of patients.^[@bibr3-1756286418785071]^ MRI of the brain is abnormal in more than 90% of patients, but the pattern of abnormal findings is not specific.^[@bibr3-1756286418785071],[@bibr25-1756286418785071]^ The diagnosis of PACNS can be established by angiography showing characteristic features of vasculitis. In patients with noncontributive angiography the definite diagnosis can be confirmed by biopsy.^[@bibr15-1756286418785071]^

###### 

Findings in diagnostic work-up in suspected PACNS.

![](10.1177_1756286418785071-table2)

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Clinical features                                               Laboratory tests                                               CSF                                                                                                   MRI                                                              DSA                                                            Biopsy
  --------------------------------------------------------------- -------------------------------------------------------------- ----------------------------------------------------------------------------------------------------- ---------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------
  Headache, seizures, stroke, encephalopathy, altered cognition   usually normal\                                                mild lympho- monocytic pleocytosis or protein elevation; occasionally presence of oligoclonal bands   ischaemic infarctions, signs of microangiopathy, haemorrhage,\   vessel beading (segmental\                                     granulomatous,\
                                                                  serum findings\                                                                                                                                                      contrast enhancement, tumour-like lesions                        arterial wall narrowing, followed by post-stenotic dilation)   lymphocytic or acute necrotizing patterns
                                                                  usually absence of systemic vasculitis associated antibodies                                                                                                                                                                                                                                         

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CSF, cerebrospinal fluid; DSA, digital subtraction angiography; MRI, magnetic resonance tomography PACNS, primary angiitis of the central nervous system

Imaging {#section3-1756286418785071}
-------

Conventional cerebral angiography is a cornerstone for establishing the diagnosis of PACNS. Multiple areas of narrowing and dilatation or multilocular occlusions of intracranial vessels are typical imaging features highly indicative of primary CNS vasculitis.^[@bibr26-1756286418785071]^ Additional findings are fusiform arterial dilatations, the development of a collateral circulation, and a delayed contrast enhancement.^[@bibr27-1756286418785071]^ In contrast, long segment stenoses, microaneurysms and complete occlusions are rather unlikely in PACNS.^[@bibr28-1756286418785071]^

Sufficient visualization of intracranial vessels for detection of stenosis and dilatation ('vessel beading') is recommended in suspected PACNS patients.^[@bibr5-1756286418785071],[@bibr29-1756286418785071]^ For this approach, MRA and conventional angiography are implemented in diagnostic work-up.^[@bibr5-1756286418785071],[@bibr30-1756286418785071]^ In contrast to conventional angiography, MRA is a less invasive imaging modality and therefore can be used to monitor the disease course.^[@bibr31-1756286418785071]^ Nonetheless, in comparison with digital subtraction angiography (DSA), MRA is less sensitive in the detection of both lesions localized in the posterior circulation and in distal arteries.^[@bibr30-1756286418785071]^ Overall, vessel beading is not specific and is also seen in noninflammatory vasculopathies and nonvasculitis conditions such as atherosclerosis, after radiation, neurofibromatosis, atrial myxomas, neurofibromatosis, infections, and vasospasm.^[@bibr32-1756286418785071][@bibr33-1756286418785071]--[@bibr34-1756286418785071]^

Although the spatial and temporal resolution of standard angiography is currently the best of all imaging techniques in use, it often appears normal when the inflammatory changes are limited to arteries of \<500 µm in diameter.^[@bibr35-1756286418785071]^ Therefore, in case of negative angiographic findings due to small vessel involvement, brain biopsy should be considered as an important step towards diagnosing PACNS. In contrast, in patients diagnosed by angiogram primarily large/proximal vessels are affected.^[@bibr7-1756286418785071]^ However, it should be born in mind that even in the presence of classic angiographic findings, an alternative diagnosis is often made when biopsy is done.^[@bibr36-1756286418785071]^

Besides angiograms, conventional MRI is an important and highly sensitive imaging modality in the diagnostic approach of PACNS. The majority of patients (more than 90%) show MRI abnormalities.^[@bibr8-1756286418785071]^ However, MRI findings are not specific and clinicians need to be aware of the main differential diagnoses. MRI should include T1-weighted, T2-weighted and fluid-attenuated inversion-recovery (FLAIR) sequences as well as apparent diffusion coefficient maps, and diffusion and gradient echo sequences, with and without gadolinium administration.^[@bibr27-1756286418785071]^ Typical findings of PACNS are multifocal bilateral T2 or FLAIR sequence abnormalities in the cortical and subcortical structure, and deep and grey white matter.^[@bibr27-1756286418785071]^ Both, new and older ischaemic lesions, usually coexistent with bilateral stenoses and dilatations in multiple large and small vessels, are a cardinal feature and highly suspicious of PACNS ([Figure 1](#fig1-1756286418785071){ref-type="fig"}).^[@bibr3-1756286418785071]^ Ischaemic lesions can be accompanied by subarachnoid and intraparenchymal haemorrhagic lesions ([Figure 1](#fig1-1756286418785071){ref-type="fig"}).^[@bibr37-1756286418785071]^ MRI may also demonstrate mass lesions that can mimic a tumour or abscess.^[@bibr8-1756286418785071]^ Gadolinium enhancement of parenchymal lesions and the leptomeninges have been reported.^[@bibr3-1756286418785071],[@bibr22-1756286418785071]^

![Imaging of patients with PACNS. (A) A 44-year-old patient presenting with multifocal segmental narrowing of intracranial arteries on cerebral angiogram, (B) multiple DWI-lesions in different vascular territories, and (C) concentric enhancement of the M1-segment of the left middle cerebral artery on black blood MRI. (D) A 48-year-old patient with vessel beading on MRI-TOF-angiography, (E) bilateral infarctions of variable size (affecting different vascular territories and in various stages of healing), and (F) intracerebral haemorrhage.\
DWI, diffusion-weighted imaging; MRI, magnetic resonance imaging; PACNS, primary angiitis of the central nervous system; TOF, time of flight.](10.1177_1756286418785071-fig1){#fig1-1756286418785071}

In comparison with MRI, computed tomography (CT) is less sensitive in the assessment of signs of vasculitis-related infarcts.^[@bibr28-1756286418785071]^ CT angiography (CTA) can be used to evaluate large vessel vasculitis. Nevertheless, the resolution of DSA remains to be superior to that of CTA.^[@bibr38-1756286418785071]^

High resolution contrast-enhanced MRI (HR-MRI) such as 'black blood MRI' may be helpful in characterization of pathologic findings in and around the wall of intracranial vessels. Technically, pathological changes like wall thickening and wall enhancement can be investigated ([Figure 1](#fig1-1756286418785071){ref-type="fig"}). In particular, differentiating between inflammation, intracranial atherosclerotic plaques, and other wall abnormalities based on the typical enhancement patterns was reported.^[@bibr39-1756286418785071][@bibr40-1756286418785071]--[@bibr41-1756286418785071]^ Improvement of this emerging noninvasive technique should be a possible future perspective.

An additional aim of future studies could be the implementation of nuclear medicine molecular diagnostic tools. Positron emission tomography with \[^[@bibr11-1756286418785071]^C\]-PK11195 has been demonstrated to detect vascular inflammatory activity in patients with large vessel vasculitis.^[@bibr42-1756286418785071]^ In PACNS patients with inconclusive imaging results, this could be a useful future diagnostic approach.

Biopsy {#section4-1756286418785071}
------

In patients with suspicion of primary angiitis of the CNS but inconclusive imaging findings, brain biopsy for definite diagnosis is mandatory. Due to the focal and segmental distribution of the disease, the sensitivity of brain biopsy is as a result of sampling errors between 53--74%,^[@bibr43-1756286418785071],[@bibr44-1756286418785071]^ but the diagnostic yield can be increased to over 80% by targeting areas of imaging abnormality.^[@bibr44-1756286418785071]^ If affected lesions are not accessible for surgery, a biopsy from the right (nondominant) frontal lobe with its overlying leptomeninges tissue is recommended.^[@bibr29-1756286418785071],[@bibr35-1756286418785071],[@bibr45-1756286418785071]^

As described above, a negative biopsy cannot rule out the diagnosis of cerebral vasculitis, but histopathological examination often results in alternative diagnoses.^[@bibr46-1756286418785071]^ Thus, special attention is paid to PACNS mimics like infections, neoplasms (especially lymphoma) and degenerative disease.^[@bibr47-1756286418785071]^ Brain biopsies are associated with rather low morbidity and mortality rates.^[@bibr5-1756286418785071],[@bibr48-1756286418785071]^ Therefore, a biopsy should be obtained, if the diagnosis is uncertain. The characteristic biopsy finding, which confirms the diagnosis of PACNS, is a transmural inflammation with subsequent injury of the vessel wall.^[@bibr49-1756286418785071]^ The main histopathological patterns include granulomatous inflammation, lymphocytic cellular infiltrates, and acute necrotizing vasculitis.^[@bibr34-1756286418785071],[@bibr49-1756286418785071]^ In a review of surgical biopsies from patients with PACNS the granulomatous pattern was seen in 56% (associated with deposition of β-A4 amyloid in 27%), purely lymphocytic in 20% and acute necrotizing pattern in 22% of cases.^[@bibr4-1756286418785071]^ The characteristic features of granulomatous vasculitis are vasculocentric destructive mononuclear infiltrate with well-formed granulomas and multinucleated giant cells.^[@bibr4-1756286418785071]^ Biopsy samples, particularly of the granulomatous vasculitis group, can show extensive β-A4 amyloid deposition in vessel walls with associated inflammation, recognized as amyloid-β-related angiitis.^[@bibr50-1756286418785071]^ As reported in the literature, an association between granulomatous vasculitis with prominent meningeal enhancement, and with cerebral amyloid angiopathy (CAA) has been suggested.^[@bibr22-1756286418785071],[@bibr50-1756286418785071]^ The second most prevalent pattern in PACNS is lymphocytic vasculitis showing lymphocytes with a variable number of plasma cells, histiocytes, neutrophils, and eosinophils.^[@bibr4-1756286418785071],[@bibr27-1756286418785071]^ Necrotizing vasculitis is characterized by acute necrotizing vessel wall changes, transmural fibrinoid necrosis, and acute inflammation; it commonly presents with haemorrhage.^[@bibr4-1756286418785071]^ Fibrinoid necrosis and inflammatory reaction are pathologic mechanisms supposed to cause a thickening of vessel walls which increases the risk of vascular rupture and aneurysmal dilatation.^[@bibr51-1756286418785071]^ The presence of intimal fibrosis is characteristic for healed lesions.^[@bibr27-1756286418785071]^ Further histopathological abnormalities detected in patients with biopsy-proven PACNS are neointimal proliferation and thromboses in vessels.^[@bibr8-1756286418785071]^

In conclusion, brain biopsy can be considered a relatively safe and effective procedure for determining the pathologic nature of intracranial lesions, and thus can help to prevent unnecessary immunosuppressive treatments in alternative diagnoses.

Laboratory tests and CSF study {#section5-1756286418785071}
------------------------------

All patients suspected of PACNS need a laboratory work-up focusing on inflammation and antibody-mediated diseases. Serum screening can show mild systemic symptoms or increased acute phase reactants (erythrocyte sedimentation rate/serum C-reactive protein),^[@bibr52-1756286418785071]^ but in the majority of patients these parameters are completely unaltered.^[@bibr7-1756286418785071],[@bibr53-1756286418785071]^ Detection of antinuclear antibodies, antineutrophil cytoplasmic antibodies, antiphospholipid antibodies, rheumatoid factor, cryoglobulins or bacterial or viral antibodies is highly suggestive of an underlying systemic vasculitis or autoimmune disease.^[@bibr5-1756286418785071]^ Serological examinations are needed to rule out infectious disorders, including varicella, mycobacteria, syphilis, human immunodeficiency virus (HIV), and fungi.

Lumbar puncture should be performed in all patients. CSF analysis reveals abnormal (inflammatory findings) in 80--90% of patients with cerebral vasculitis.^[@bibr3-1756286418785071]^ Typically, PACNS patients exhibit mild lymphocytic pleocytosis or an elevated protein level. Normal CSF findings (cell count \<5 cells/μl or total protein concentration \<45 mg/dl) should direct diagnostic work-up towards possible differential diagnoses.^[@bibr54-1756286418785071]^ In patients with PACNS oligoclonal bands or immunoglobulin (Ig)G synthesis are only occasionally detectable.^[@bibr27-1756286418785071],[@bibr43-1756286418785071]^ An increase of the proportion of interleukin (IL)17-producing CD41 cells in CSF might be useful in discriminating cerebral vasculitis from ischaemic stroke.^[@bibr55-1756286418785071]^ Values of more than 250 cells/μl are indicative for infection and further analyses should include appropriate staining and cultures, polymerase chain reaction assays and antibody indices for detection of infectious agents.^[@bibr7-1756286418785071],[@bibr8-1756286418785071]^ Malignant vasculitis can be detected with CSF cytology and flow cytometry.

Serial CSF analyses might be useful for treatment monitoring. For instance, improvements of CSF changes and neurological deficits have been reported in an individual case report.^[@bibr56-1756286418785071]^

Differential diagnosis {#section6-1756286418785071}
======================

The differential diagnosis of cerebral vasculitis is broad, as diverse neurological diseases of inflammatory, infectious, malignant, and vascular aetiologies can resemble primary angiitis of the CNS ([Table 3](#table3-1756286418785071){ref-type="table"}). Therefore, serious consideration of possible differential diagnoses in the diagnostic approach is crucial to avoid unnecessary immunosuppressive treatments.

###### 

Overview of (selected) differential diagnosis of PACNS.

![](10.1177_1756286418785071-table3)

  ------------------------------------------------------------- ----------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type of disease                                               Selected\         Similarities with PACNS                                                                                                                                                            Differences to PACNS                                                                                                                                                                                                                                                                          Diagnostic approach
                                                                example                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

                                                                RCVS              cerebral angiographic abnormalities (multifocal segmental cerebral artery vasoconstriction),\                                                                                      acute onset, monophasic course, thunderclap headache, usually normal CSF analysis, normal MRI in 20%, no vasculitis changes in cerebral biopsy, precipitating factors, reversible angiographic abnormalities                                                                                  angiographic follow-up after 12 weeks shows resolution of abnormalities, nimodipine (reverse vessel narrowing in DSA?)
                                                                                  cerebral infarctions, intracerebral haemorrhage                                                                                                                                                                                                                                                                                                                                                                                                                                  

  Non-inflammatory\                                             Atherosclerosis   multiple cerebral infarctions, vessel beading, vessel wall enhancement                                                                                                             older age, vascular risk factors (hypertension, diabetes mellitus), hetergeneous lesions, calcifications and irregular focal stenoses of proximal arteries, normal CSF analysis, infarcts usually restricted to a single\                                                                     eccentric enhancement patterns of intracranial atherosclerotic plaques in high-resolution 3-Tesla contrast-enhanced MRI, calcified proximal cerebral arteries
  vasculopathies                                                                                                                                                                                                                                                     vascular territory                                                                                                                                                                                                                                                                            

                                                                CADASIL           disease course, headache, psychiatric disturbances, sensory, motor and cognitive deficits, seizures, cerebral infarctions, diffuse white matter abnormalities on brain MRI         strokes or dementia in the history of the first-degree relatives, bilateral external capsule and anterior\                                                                                                                                                                                    genetic testing (mutation of the notch 3 gene), pathologic findings characteristic of CADASIL on brain or skin punch biopsies
                                                                                                                                                                                                                                                                     temporal lobe hyperintensities                                                                                                                                                                                                                                                                

                                                                MELAS             enzephalopathy, stroke-like episodes before age 40, seizures, dementia, multiple hyperintensities on T2 and FLAIR-sequences                                                        bilateral basal ganglia calcifications                                                                                                                                                                                                                                                        genetic testing (point mutation A3243G), muscle biopsy (ragged-red fibers)

                                                                Moyamoya\         cerebral infarctions,\                                                                                                                                                             younger age, normal CSF analysis, no inflammatory signs in the vessel wall, triggering of ischaemic events with hyperventilation, orthostatic stress, etc.,watershed infarctions on brain MRI, no gadolinium-enhancement, effect on extracranial or proximal intracranial cerebral arteries   angiography shows typical collateral network of small leptomeningeal and transdural vessels
                                                                angiopathy        headache                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

                                                                Radiation\        vessel wall enhancement, leukoaraiosis                                                                                                                                             normal CSF analysis                                                                                                                                                                                                                                                                           history of cranial irradiation
                                                                vasculopathy                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

  CNS manifestations as part of a primary systemic vasculitis   Systemic\         headache, encephalopathy, seizures, cranial nerve palsies, visual symptoms, myelopathy, cerebral infarctions, intracranial haemorrhage, signs of mural inflammation on brain MRI   systemic signs and symptoms (fever, malaise, weight loss), renal insufficiency, pulmonary haemorrhage, unexplained sinusitis, abdominal pain, PNS can be affected                                                                                                                             Elevated erythrocyte\
                                                                vasculitis                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         sedimentation rate or serum C reactive protein; Testing for antineutrophil cytoplasmic antibodies, antinuclear antibodies, cryoglobulins, hepatitis B/C serologies, p ANCA, c ANCA, anti-PR3, anti-MPO, extraneuronal biopsy
  ------------------------------------------------------------- ----------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ANCA, Anti-neutrophil cytoplasmic antibodies; CSF, cerebrospinal fluid; DSA, digital subtraction angiography; MPO, Myeloperoxidase; MRI, magnetic resonance imaging; PACNS, primary angiitis of the central nervous system; PNS, peripheral nervous system; RCVS, reversible cerebral vasoconstriction syndrome

The RCVS is the most important noninflammatory differential diagnosis to PACNS. Formerly RCVS was described as a subtype of PACNS, called benign angiopathy of the CNS.^[@bibr57-1756286418785071]^ RCVS occurs significantly more frequently in female patients and the mean age of onset is 42 years.^[@bibr58-1756286418785071],[@bibr59-1756286418785071]^ Typical clinical features are sudden and recurrent attacks of severe (usually thunderclap) headache with or without focal neurological deficits or seizures.^[@bibr58-1756286418785071],[@bibr59-1756286418785071]^ RCVS is more often detected in patients with exposure to vasoactive drugs, migraine, hypertension, eclampsia or in the postpartum period.^[@bibr58-1756286418785071],[@bibr60-1756286418785071]^ Neuroimaging may show cerebral infarctions, usually located in the superficial border zone or watershed regions, cortical subarachnoid haemorrhages and lobar intracerebral haemorrhage.^[@bibr61-1756286418785071]^ Angiogram shows multifocal segmental cerebral artery vasoconstriction; dissection and unruptured aneurysms occur significantly more frequently than in cerebral vasculitis.^[@bibr61-1756286418785071]^ Angiographic follow up 12 weeks after clinical onset usually shows complete or substantial resolution of abnormalities in RCVS and therefore remains crucial in differentiation to primary angiitis of the CNS.^[@bibr60-1756286418785071]^ Additionally, two emerging diagnostic tools might be useful in distinguishing PACNS from RCVS. Black blood MRI in PACNS can visualize inflammatory changes in multiple vessels characterized by long and smooth circumferential concentric wall thickening with diffuse gadolinium enhancement of the inflamed wall. In contrast, angiogram in RCVS patients usually shows a short stenosis without, or with only moderate, wall thickening.^[@bibr62-1756286418785071],[@bibr63-1756286418785071]^ In individual cases the use of intra-arterial nimodipine during conventional angiography showed reverse vessel narrowing in RCVS patients in contrast with PACNS.^[@bibr64-1756286418785071]^ Distinguishing PACNS from RCVS was recently demonstrated to be crucial since corticosteroids worsen the outcome of RCVS.^[@bibr58-1756286418785071]^

The spectrum of diseases causing a secondary vasculitis of the CNS is broad. In general, systemic inflammatory symptoms or increased acute phase reactants are suspicious for systemic vasculitis, malignoma or infectious disease (e.g. viral, bacterial or fungal).^[@bibr8-1756286418785071]^

Important vasculites secondary to connective tissue diseases that can involve the CNS are systemic lupus erythematosus, Sjögren's syndrome, rheumatoid arthritis, mixed connective tissue disease, and dermatomyositis.^[@bibr65-1756286418785071]^ CNS involvement in systemic vasculitis can be due to giant cell arteritis,^[@bibr66-1756286418785071]^ Takayasu's arteritis,^[@bibr67-1756286418785071]^ polyarteritis nodosa,^[@bibr68-1756286418785071]^ Behçet's disease,^[@bibr69-1756286418785071]^ granulomatosis with polyangiitis (Wegener's granulomatosis),^[@bibr70-1756286418785071]^ eosinophilic granulomatosis with polyangiitis (Churg--Strauss syndrome),^[@bibr71-1756286418785071]^ Henoch--Schönlein purpura,^[@bibr72-1756286418785071]^ and Kawasaki disease.^[@bibr73-1756286418785071]^ CNS involvement most often arises in patients with Behçet's disease, Wegener's granulomatosis and Churg--Strauss syndrome.^[@bibr52-1756286418785071]^

Other noninflammatory vascular diseases like Moyamoya angiopathy,^[@bibr74-1756286418785071]^ Divry-van Bogaert syndrome,^[@bibr75-1756286418785071]^ fibromuscular dysplasia,^[@bibr76-1756286418785071]^ Fabry disease^[@bibr77-1756286418785071]^ or Sneddon's syndrome^[@bibr77-1756286418785071]^ should also be taken into account as differential diagnoses.

Whereas PACNS can affect people of all ages, prevalence of atherosclerosis increases with higher age and is more likely in patients with presence of vascular risk factors (e.g. diabetes and hypertension).^[@bibr78-1756286418785071]^ Likewise, in older patients, especially in combination with intracerebral haemorrhage and dementia, CAA should be considered as a possible differential diagnosis.^[@bibr50-1756286418785071]^ In patients with subarachnoid haemorrhage, cerebral infarctions due to transient cerebral vasospasm can mimic PACNS.

In single cases, the occurrence of PACNS in association with Hodgkin's lymphoma, non-Hodgkin's lymphoma and angioimmunolymphoproliferative lesions has been reported.^[@bibr37-1756286418785071]^ Furthermore, intravascular lymphoma (IVL), a subtype of extranodal diffuse large B-cell lymphoma, is an important differential diagnosis of primary CNS vasculitis characterized by intravascular proliferation of lymphoma cells with a predilection for the CNS and skin.^[@bibr79-1756286418785071]^ The differentiation of PACNS from neurosarcoidosis can be difficult as the angiographic pictures share similarities. In these cases, brain biopsy is an essential component of the diagnostic approach.^[@bibr80-1756286418785071]^

VZV vasculopathy is an infectious arteritis that causes ischaemic infarction of the brain and spinal cord, and cerebral haemorrhage, as well as aneurysm and carotid dissection.^[@bibr79-1756286418785071],[@bibr81-1756286418785071][@bibr82-1756286418785071]--[@bibr83-1756286418785071]^ Diagnosis of VZV infection can be made by detection of anti-VZV IgG antibody in the CSF; amplifiable VZV DNA often cannot be determined.^[@bibr84-1756286418785071]^

In addition, PACNS should be distinguished from other infectious agents that can affect the CNS including hepatitis C virus,^[@bibr85-1756286418785071]^ *Streptococcus pneumoniae*,^[@bibr86-1756286418785071]^ *Neisseria meningitidis*,^[@bibr87-1756286418785071]^ *Bartonella spp.*,^[@bibr88-1756286418785071]^ *Mycobacterium tuberculosis*,^[@bibr89-1756286418785071]^ *Borrelia burgdorferi*,^[@bibr90-1756286418785071]^ and *Treponema pallidum*.^[@bibr91-1756286418785071]^

Special attention is drawn to patients with immunosuppression, for example, due to infection with HIV, diabetes or alcohol abuse. In patients with acquired immune deficiency syndrome-associated CNS disease encephalitis, leptomeningitis, and vasculitis (mostly in cause of opportunistic infections) have been described.^[@bibr92-1756286418785071]^ In patients with immunosuppression, bacterial endocarditis needs to be excluded.^[@bibr8-1756286418785071]^ In bacterial endocarditis, valvular emboli may cause cerebrovascular occlusions and a vasculitic pattern on cerebral angiography.^[@bibr54-1756286418785071]^

Other important mimics of primary angiitis of the CNS are cerebral autosomal-dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL), Susac syndrome and thrombophilasis such as antiphospholipid syndrome. CADASIL is an autosomal-dominant arteriopathy with manifestation in early adulthood. Clinical symptoms include migraine, recurrent transient ischaemic attacks or strokes, psychiatric disorders, cognitive impairment, and epilepsy.^[@bibr93-1756286418785071]^ Brain MRI typically shows large or small white matter abnormalities. The most typical MRI findings in CADASIL patients are white matter hyperintensities in the anterior temporal lobe (temporal pole) seen on T2-weighted sequences.^[@bibr94-1756286418785071]^ As an autoimmune-mediated endotheliopathy characterized by the clinical triad of branch retinal artery occlusions, encephalopathy and neurosensorial hearing loss, Susac syndrome causes microangiopathic occlusion of precapillary arterioles in the brain, retina, and inner ear.^[@bibr95-1756286418785071]^ In patients with antiphospholipid antibodies diverse neurologic manifestations including stroke, transient ischaemic attack, seizures, movement disorders, neuropsychiatric manifestations, and cognitive decline with arteriographic intracranial abnormalities suggestive of vasculitis occur.^[@bibr96-1756286418785071],[@bibr97-1756286418785071]^ Beyond that, it can be challenging to discriminate PACNS with small disseminated lesions or T2 hypersignals in the periventricular white matter against the demyelinating lesions of autoimmune diseases such as multiple sclerosis.^[@bibr98-1756286418785071],[@bibr99-1756286418785071]^ Further demyelinating differential diagnoses are acute disseminated encephalomyelitis (ADEM) or progressive multifocal leukoencephalopathy.^[@bibr100-1756286418785071],[@bibr101-1756286418785071]^ In case of early-onset vasculitis, STING-associated vasculopathy with onset in infancy (SAVI) defined as an autoinflammatory disease with vasculopathy, interstitial lung disease, and ulcerative skin lesions caused by sporadic/dominant mutation in the *TMEM173* gene, should be considered.^[@bibr102-1756286418785071]^ In addition, deficiency of adenosine deaminase type 2 (DADA2), an autosomal recessive disease, representing with lacunar stroke, vasculitic peripheral neuropathy, livedo racemosa and systemic inflammation is a possible differential diagnosis to PACNS with manifestation in early childhood.^[@bibr103-1756286418785071]^

Therapy {#section7-1756286418785071}
=======

Induction therapy {#section8-1756286418785071}
-----------------

Treatment recommendations for PACNS are mainly based on retrospective studies and expert opinions. Prospective and randomized treatment trials to define evidence-based strategies for the management of PACNS are lacking so far. Therefore, current therapeutic regimens are adapted from those validated in systemic vasculitis on ground of pathologic concordance. In principle, three treatment approaches are available for PACNS, that is, corticosteroids, immunosuppressants and biologicals ([Table 4](#table4-1756286418785071){ref-type="table"}).

###### 

Therapeutic agents used in PACNS.

![](10.1177_1756286418785071-table4)

  Treatment                           Regimen
  ----------------------------------- ---------------------------------------------------------------------------------------------------
  **Acute therapy**                   
  Corticosteroids                     oral prednisone at 1 mg/ kg/day or methylprednisolone pulse IV (1000 mg daily for 3--5 days)
  Cyclophosphamide                    daily oral dose (2 mg/kg/day) or by monthly intravenous pulse dose (e.g. starting at 750 mg/m^2^)
  **Maintenance therapy**             
  Azathioprine                        1--2 mg/kg daily
  Methotrexate                        20--25 mg/week
  Mycophenolate mofetil               1--2 g daily
  **Biological agents**               
  Rituximab                           375 mg/m^2^/week for 4 weeks or 2 IV doses of 1 g each, administered 2 weeks apart
  Tumour necrosis factor-α blockers   
  Infliximab                          single IV infusion (5 mg/kg)
  Etanercept                          25 mg twice weekly for 20 months, then 25 mg/kg, once weekly for 8 months

IV, intravenous; PACNS, primary angiitis of the central nervous system.

In a retrospective cohort study with 163 patients, induction therapy with combined glucocorticoids and cyclophosphamide has been shown to be equally effective compared with glucocorticoid monotherapy.^[@bibr19-1756286418785071]^ However, combination therapy with cyclophosphamide and glucocorticoids was associated with fewer disease relapses.^[@bibr19-1756286418785071]^ Furthermore, a multicentre cohort study showed that the most patients treated with a combination therapy have a significant reduction in disability, suggesting that an early diagnosis and aggressive treatment might improve outcomes.^[@bibr104-1756286418785071]^ Therefore, in patients with a severe and rapidly progressive disease course, treatment-refractory disease or relapses, a combination with an immunosuppressant should strictly be considered.^[@bibr27-1756286418785071]^

High-dose administration of intravenous corticosteroids (1000 mg daily for 3--5 days) or oral prednisone (1 mg/kg per day) are currently the most frequently used therapies.^[@bibr7-1756286418785071],[@bibr104-1756286418785071]^ To date, no evidence exists that methylprednisolone pulses are more effective than oral prednisone. Overall, intravenous corticosteroids can be preferred in severe and rapidly progressive disease course to induce remission immediately after diagnosis.^[@bibr7-1756286418785071]^ Concomitant gastritis/ulcer and thrombosis prophylaxis are essential. Cyclophosphamide, given either as an oral dose (2 mg/kg/day) for 3--6 months or as intravenous pulse (750 mg/m^2^/month) for 6 months, is usually recommended in combination with corticosteroids.^[@bibr7-1756286418785071]^ During therapy, cyclophosphamide dosage must be adjusted according to leukocyte nadir and disease course. Furthermore, clinicians should be aware of the most relevant side effects of cyclophosphamide, that is, infection (especially bladder problems), cancer and infertility. In addition, it is contraindicated during pregnancy.^[@bibr105-1756286418785071]^ Prior to beginning a therapy with corticosteroids or immunosuppressants infectious disorders need to be excluded.

Likewise, there are positive data in support of the use of biological agents (rituximab and tumour necrosis factor*-*α blockers) with an equal potential to induce remission in PACNS patients compared with glucocorticoids and immunosuppressants.^[@bibr106-1756286418785071][@bibr107-1756286418785071]--[@bibr108-1756286418785071]^ Tumour necrosis factor*-*α blockers (infliximab and etanercept) and rituximab might be a therapeutic option in those patients who are intolerant to conventional immunosuppressive therapeutic regimens or in patients failing to respond to cyclophosphamide therapy.^[@bibr19-1756286418785071]^ In case of severe and rapidly progressive disease course a combination therapy with cyclophosphamide and rituximab might be considered. Further biological agents, like tocilizumab, are currently being tested in systemic vasculitis.^[@bibr109-1756286418785071]^ However, only a few case series on the implementation of biological agents in PACNS treatment exist and further clinical studies are needed.

Maintenance therapy {#section9-1756286418785071}
-------------------

While treatment in the induction period aims at achieving remission and avoiding worse outcomes, the goals of maintenance therapies are limiting the risk of relapses and preventing long-term disabilities. PACNS maintenance therapy is typically started 4--6 months after initiation of the induction therapy.^[@bibr7-1756286418785071],\ [@bibr53-1756286418785071]^ Disease-modifying therapies include corticosteroid-sparing low-risk immunosuppressive agents such as azathioprine (1--2 mg/kg daily), mycophenolate mofetil (1--2 g daily) and methotrexate (20--25 mg/week).^[@bibr7-1756286418785071],[@bibr54-1756286418785071]^

In a cohort study of fourteen children with SV-PACNS, it was shown that treatment with mycophenolate mofetil for maintenance therapy led to less adverse events compared with azathioprine.^[@bibr110-1756286418785071]^ Comorbidities, side effects and the clinician's preference are factors influencing therapeutic decisions. In order to compensate for the delayed onset of drug effects of azathioprine, an overlapping therapy with oral prednisone following an initial steroid pulse might be useful. Commonly reported side effects associated with azathioprine are elevated liver enzymes.^[@bibr111-1756286418785071]^

During immunosuppressive therapies, the administration of calcium and vitamin D for osteoporosis prophylaxis, gastric ulcer prophylaxis and *Pneumocystis* infection prophylaxis are recommended.^[@bibr112-1756286418785071]^ Additionally, supportive therapies such as anticonvulsants in case of seizures, and antipsychotic agents for patients suffering from hallucinations or severe behavioural disorders, should complement the therapeutic regimen.^[@bibr112-1756286418785071]^

The optimal duration of induction and maintenance therapy is a source of uncertainty and validated data are lacking. In principle, induction therapy should be administered for 6--12 months based on individual response to treatment.^[@bibr19-1756286418785071]^ Decisions on de-escalation of induction therapy should depend on the achievement of clinical stability. Repeated clinical and radiological monitoring is needed to determine the ideal duration of maintenance therapy.

The two recent retrospective cohort studies showed associations between the clinical course of PACNS and different disease subtypes (e.g. size of affected vessels) as well as patient characteristics.^[@bibr19-1756286418785071],[@bibr104-1756286418785071]^ Older patients and those with infarctions on the MRI scan had an increased mortality rate.^[@bibr19-1756286418785071]^ Gadolinium-enhanced lesions were associated with an increased survival,^[@bibr19-1756286418785071]^ whereas meningeal gadolinium enhancements on MRI and seizures were associated with an increased risk of relapse.^[@bibr104-1756286418785071]^ Involvement of larger or rather proximal cerebral vessels seems to be associated with a higher mortality rate and poorer prognosis, requiring a more aggressive treatment.^[@bibr7-1756286418785071]^

In view of high morbidity and mortality among PACNS patients,^[@bibr7-1756286418785071]^ adequate treatment monitoring is required. Combination of repeated neurological examinations and periodic neuroradiological imaging (e.g. MRI and MRA) during therapy and afterwards is recommended for assessing disease activity.^[@bibr54-1756286418785071]^ MRI should be performed 4--6 weeks after the initiation of therapy and afterwards every 3--4 months in the first year of treatment.^[@bibr54-1756286418785071]^ CSF examinations can additionally be helpful in the follow up to document improvement in the inflammatory response. For instance, a drop in CSF abnormalities is reported to correspond with clinical improvement.^[@bibr56-1756286418785071]^ In patients with severe clinical course and worsening neurological symptoms, serial conventional angiography might be necessary.^[@bibr54-1756286418785071]^ Colour duplex sonography might be useful for follow-up examinations in patients with cerebral artery stenoses.^[@bibr113-1756286418785071]^

Conclusion {#section10-1756286418785071}
==========

PACNS is a rare inflammatory disease and only little is known about its immunopathogenesis and appropriate treatment. Knowledge regarding clinical, laboratory and imaging findings mainly derives from observational studies. Given the fact, that clinical and neuroimaging features are nonspecific, diagnosing PACNS remains challenging. In LV-PACNS the diagnosis can be confirmed by detection of typical angiographic abnormalities. However, the definite diagnosis in SV-PACNS can only be proven by brain biopsy. Due to a lack of randomized control trials validated treatment regimens do not exist. Therefore, prospectively designed controlled trials are imperative to establish uniform diagnostic criteria and common treatment guidelines. In addition, the implementation of an animal model for further research on PACNS immunopathogenesis and for the development of more targeted therapies could be a promising future perspective.

Images are published with the kind permission of the Department of Clinical Radiology of the University Hospital Münster (Director: Univ. Prof. Dr Walter Heindel).
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